The relation between intake of fish and soy products and subsequent all-cause and cause-specific mortality was examined in a cohort of 13,355 male and 15,724 female residents of Takayama, Gifu, Japan. A diet that included soy and fish intake was assessed in 1992 by using a validated semiquantitative food frequency questionnaire. Over 7 years of follow-up, 2,062 participants (1,163 men and 899 women) died. For men, the highest compared with the lowest quintile of total soy product intake was marginally significantly inversely associated with total mortality after adjustment for total energy and nondietary covariates (hazard ratio = 0.83, 95% confidence interval: 0.69, 1.01; p for trend = 0.07). After adjustment for nondietary covariates, a decreased hazard ratio for the highest compared with the lowest quintile of total soy product intake was also observed for women (hazard ratio = 0.83, 95% confidence interval: 0.68, 1.02; p for trend = 0.04). Additional adjustment for dietary factors significantly associated with total mortality did not attenuate these associations. For women but not for men, n-3 fatty acids from fish were significantly inversely associated with total mortality. Results showed that soy intake may have moderate but beneficial effects on total mortality.
A high level of consumption of soy and fish is intrinsic to the Japanese diet. Much attention has been paid to the health effects of soy and fish intake. However, evidence has been provided mainly from laboratory studies. Dietary soy or phytoestrogens in soy inhibit various diseases, including cancer, heart disease, and inflammatory disease (1, 2) , perhaps mediated by the phytoestrogens' ability to inhibit tyrosine kinase activity (3), angiogenesis (4) , and atherosclerosis (5); induce apoptosis (6) ; scavenge hydrogen peroxide free radicals (7) ; and bind to estrogen receptors (8) . Soy also provides a wide range of potentially healthful nutrients, such as high amounts of protein, fiber, and vitamin E. Fish oil or long-chain n-3 fatty acids also have been considered multipotent compounds. Evidence for the potential of fish oil to counter cancer and cardiovascular disease has been supported by the fact that they have various beneficial functions, including inhibition of eicosanoid biosynthesis derived from arachidonic acid, inhibition of coagulation, promotion of vasodilation, attenuation of inflammation (9, 10) , and modification of plasma lipid and lipoprotein concentrations (11) . The Japanese guidelines for a healthy diet and lifestyle, "Japan Health 21" (Internet Web site: http:// www.kenkounippon21.gr.jp), recommend intake of fish rich in n-3 fatty acids to prevent cancer. Japan has reported the highest life expectancy in the world (12) . A high intake of soy or fish oil may contribute to the Japanese people's longevity.
In the current study, referred to as the Takayama Study (13), we examined the associations between intake of soy and fish oil and subsequent mortality in a cohort of Japanese men and women. Although several studies have evaluated the relation of fish intake to total or cardiovascular disease mortality, the results have been inconsistent (14) (15) (16) (17) (18) (19) (20) (21) (22) . To our knowledge, no previous prospective study has examined the relation between soy intake and total mortality. Although effects of soy intake on cardiovascular disease risk factors have been studied, the direct relation between soy intake and cardiovascular disease has not been assessed in analytic epidemiologic studies. It is worthwhile to study this relation in Japan, where people consume quantities of soy and fish likely to be physiologically meaningful.
MATERIALS AND METHODS
The Takayama Study, established in 1992, included  14,427 male and 17,125 female residents of Takayama, Gifu, Japan, aged 35 years or older. A detailed description of the study design has been reported elsewhere (13) . At baseline, cohort members completed a self-administered questionnaire on demographic characteristics, smoking and drinking habits, diet, exercise, and medical and reproductive histories. The response rate was about 92 percent. Dietary history was assessed by using a 169-item semiquantitative food frequency questionnaire. For each food, participants reported the average frequency of consumption in the previous year and specified the usual serving size. Intake of foods and nutrients was estimated from the frequency of intake and portion size by using the Standard Tables of Food Composition in Japan, published by the Science and Technology Agency of Japan (23) .
We included nine specific soy product items and 16 items for fish and fish dishes. These items and some other dishes that include soy or fish as ingredients were taken into account to obtain intake estimates. Thus, total soy product intake was considered the sum of the intakes of tofu, miso, soybeans, natto, soy milk, okara, dried tofu, deep-fried tofu, fried tofu, and fried tofu and minced vegetables/seaweed. Intake of isoflavones from soy products was estimated on the basis of previously published data on isoflavone concentrations in soy foods summarized by Wakai et al. (24) . Intake of fish oil (long n-3 fatty acids, eicosapentanoic and docosahexaenoic acids) was estimated by using data published by Sasaki et al. (25) .
The ability of our questionnaire to characterize persons according to food and nutrient intake was examined by comparing it with other dietary assessment methods, including a 3-day diet record, four diet recalls over 1 year, and 12 daily diet records over 1 year. Detailed information on the questionnaire, including its validity and reproducibility tests, has been described elsewhere (26) . For men, the correlations between the questionnaire and 12 daily diet records over 1 year for intake of soy products, soy isoflavones, eicosapentanoic acid, and docosahexaenoic acid were 0.75, 0.75, 0.52, and 0.58, respectively. The corresponding values for women were 0.68, 0.62, 0.41, and 0.43.
Exercise was assessed by asking study participants to specify the average number of hours per week they spent performing various kinds of activities during the past year. The details are described elsewhere (27) .
Deaths (and their causes) occurring in Takayama during the follow-up period (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) were confirmed with data from the office of National Vital Statistics. The Statistics and Information Department of the Japanese Ministry of Health and Welfare obtains information on deaths and codes the causes of death by using the International Classification of Diseases, Tenth Revision (ICD-10). Permission to review data regarding dates and causes of deaths was obtained from the Management and Coordination Agency, Japan. Information on subjects who moved away from Takayama during the course of the study was obtained from the residential registers. During the study period, 666 (4.6 percent) men and 506 (3.0 percent) women moved out of Takayama. This study was approved by the local institutional review board.
For this analysis, we excluded subjects who reported on the baseline questionnaire that they had a previous history of cancer (181 men and 540 women), stroke (255 men and 154 women), or ischemic heart disease (636 men and 707 women). Hence, the analytic population at baseline consisted of 29,079 subjects (13,355 men and 15,724 women).
The major endpoint of this study was all-cause mortality. We also considered disease-specific endpoints, including mortality from cancer (ICD-10 codes C00-D48), cardiovascular disease (ICD-10 codes I00-I99), and all other causes. For the category of cardiovascular disease, we also selected ischemic heart disease (ICD-10 codes I20, I21, I24, and I25) and cerebrovascular disease (ICD-10 codes I60-I64, I67, I69, and Q25-Q28) as disease-specific endpoints.
The associations of soy and fish intake with death were examined by using Cox proportional hazards models. Length of follow-up was calculated for each subject as the number of years that had elapsed from study entry (September 1, 1992) until the date of death from any cause, the date on which the person moved out of Takayama, or the end of the study (December 31, 1999) . Food group and nutrient intakes were adjusted for total energy by using the method proposed by Willett (28) and were categorized by quintile (tertile for some disease-specific endpoints) based on their distribution among the entire study population at baseline. The hazard ratios and their 95 percent confidence intervals for all-cause and cause-specific mortality for each category of intake were computed in comparison with the lowest intake category. In the initial analysis, associations of soy and fish intake with mortality, adjusted for age and total energy, were examined. Analyses were also adjusted for other factors significantly associated with all-cause and cause-specific mortality. The variables examined were marital status; body mass index; years of education; smoking; alcohol intake; history of chronic diseases; use of medications, including hormone replacement therapy; reproductive history; and dietary components other than soy and fish intake. Tests for trend were performed on continuous variables by using the median value for the categories. All statistical analyses were conducted by using SAS software programs (29) . To eliminate the possibility that the observed association of soy and fish intake with mortality was the result of a preclinical disease condition, we further evaluated the association after excluding deaths (546 men and 426 women) that occurred during the first 4 years of follow-up.
RESULTS
Baseline characteristics of the study population are given in table 1. During 201,160 person-years of follow-up, 2,062 deaths (1,163 men and 899 women) were identified. These deaths were classified by underlying causes into 653 (400 men and 253 women) from cancer (31.7 percent of all deaths), 635 (308 men and 327 women) from cardiovascular disease (30.8 percent of all deaths), and 774 (455 men and 319 women) from all other causes (37.5 percent of all deaths).
There was a significant inverse association of soy product intake as well as isoflavone intake with all-cause mortality for men and women after we controlled for age and total energy (tables 2 and 3). Intake of fish oil was inversely significantly associated with all-cause mortality in women but not in men.
The association between soy product intake and all-cause mortality in men was of borderline significance after adjustment for nondietary factors significantly associated with allcause mortality after adjustment for age and total energy (marital status, body mass index, smoking status, alcohol intake, coffee intake, exercise, and history of hypertension and diabetes mellitus). This association was not altered substantially after additional adjustment for dietary variables significantly associated with all-cause mortality after adjustment for nondietary variables (polyunsaturated fat and vitamin B 1 ). The hazard ratio for the highest compared with the lowest quintile of soy product intake was 0.86 (95 percent confidence interval (CI): 0.68, 1.09) after controlling for these variables.
The associations of soy product intake and fish oil intake with all-cause mortality in women remained statistically significant after adjustment for nondietary factors (marital status, years of education, body mass index, smoking status, alcohol intake, exercise, age at menarche, menopausal status at baseline, and history of diabetes mellitus). Additional adjustment for dietary factors significantly associated with all-cause mortality (rice/grains/potatoes and vegetables) did not attenuate these associations. For the highest compared with the lowest quintile, the hazard ratio for soy products was 0.84 (95 percent CI: 0.67, 1.04) and for fish oil was 0.73 (95 percent CI: 0.59, 0.90) after we controlled for the covariates. Intake of soy products and fish oil was independently significantly associated with all-cause mortality in women in the multivariate model, which included intake of soy products and fish oil as well as nondietary variables. Hazard ratios for the highest compared with the lowest quintiles of soy products and fish oil were 0.87(p for trend = 0.046) and 0.78 (p for trend = 0.02), respectively. The inverse association between soy product intake and any cause-specific mortality was not statistically significant for men (table 4), but the hazard ratios did not vary greatly according to cause of death. For women, no cause-specific mortality was statistically significantly associated with intake of soy products or fish oil (table 5) .
The respective numbers of deaths from ischemic heart disease and cerebrovascular disease were 63 and 137 for men and 52 and 132 for women. For men, the hazard ratios of death from ischemic heart disease were 0.71 (95 percent CI: 0.39, 1.28; p for trend = 0.29) for the highest tertile of soy product intake and 1.05 (95 percent CI: 0.56, 1.97; p for trend = 0.91) for the highest tertile of fish oil intake after we controlled for total energy and nondietary covariates. Exclusion of deaths that occurred during the first 4 years of follow-up somewhat strengthened the associations between soy product intake and all-cause and cause-specific mortality, except for cardiovascular disease in men; hazard ratios for the highest compared with the lowest quintile of soy product intake were 0.75 (p for trend = 0.001), 0.79 (p for trend = 0.25), and 0.73 (p for trend = 0.04) for mortality from all causes, cancer, and all causes other than cancer and cardiovascular disease, respectively, after we adjusted for total energy and nondietary variables. For women, the hazard ratios for the highest compared with the lowest quintile of soy product intake were 0.88 (p for trend = 0.06) and 0.73 (p for trend = 0.03) for mortality from all causes and from all causes other than cancer and cardiovascular disease, respectively. The hazard ratios for the highest compared with the lowest quintile of fish oil intake were 0.75 (p for trend = 0.05) and 0.51 (p for trend = 0.07) for mortality from all causes and cancer, respectively. 
DISCUSSION
Soy product intake showed a moderate but statistically significant inverse association with all-cause mortality in women. A similar reduction in all-cause mortality was observed for men. This dietary component appears to have moderate but beneficial effects on survival. Although we found no statistically significant association of soy product intake with specific causes of death studied, the decreased hazard ratios for all causes except cardiovascular disease in women suggest that soy intake may influence the risk of these diseases, resulting in an overall decrease in all-cause mortality. Significant associations between soy intake and incidence of or mortality from various cancers have been reported in some epidemiologic studies (1) .
Intake of fish, a food group, was not significantly associated with all-cause mortality in either men or women. However, we found a significantly inverse association between fish oil intake and all-cause mortality in women. Previous epidemiologic studies have not provided strong evidence for the association between fish intake and cancer (30) . In general, a null association between fish intake and cardiovascular disease has been reported in populations with higher levels of fish intake (21) . A decreased hazard ratio of mortality from all causes other than cancer and cardiovascular disease was observed for the highest compared with the lowest quintile of fish oil after we excluded deaths that occurred during the first 4 years of follow-up. Future studies should examine the possibility that fish oil may have a beneficial effect on the inhibition of certain diseases, including those other than cancer and cardiovascular disease.
The present study has a number of strengths and limitations. Strengths include the prospective design, use of a general population, a relatively low proportion of subjects lost to follow-up, and consideration of potential confounding from dietary and nondietary factors. Another advantage is that our questionnaire included a wide range of soy products and types of fish used to estimate total intake of soy products and fish oil, respectively. Most previous studies investigating the health effects of soy consumption have included a limited number of items for these dietary components and have not adequately described the validity of the dietary assessment methods used (1) . In addition, a recently developed fatty acid composition table (18) enabled us to study the relations of mortality to types of fat consumed.
Although our major interest was all-cause mortality, we had to further infer which causes of death were responsible for the associations we observed. The present study lacked statistical power to conduct meaningful analyses of soy and fish intake and each specific cause of mortality. However, the finding based on all-cause mortality, which reflects the death rate for the common causes of death in the population, TABLE 4. Risk of cause-specific mortality in men according to quintile of soy product and fish oil intake, Takayama, Japan, 1992-1999 * Adjusted for age, total energy, marital status, body mass index, alcohol intake, and smoking status (never, former, current and 1-29 years of smoking, and current and ≥30 years of smoking).
† CI, confidence interval. ‡ Adjusted for age, total energy, marital status, body mass index, alcohol intake, coffee intake, exercise, smoking status (never, former, current), and history of hypertension and diabetes mellitus.
§ Adjusted for age, total energy, marital status, body mass index, alcohol intake, exercise, and smoking status (never, former, current and 1-29 years of smoking, and current and ≥30 years of smoking). should have considerable public health implications. Another disadvantage of the study is that, because we used mortality rather than incidence as the outcome, we could not determine whether intake of soy or fish oil is related to incidence, to survival, or to both. We were able to take into account the confounding effects of various nondietary and dietary factors. However, it is possible that other factors that we did not measure may have contributed to confounding. In addition, as in other dietary studies, a high colinearity between various nutrients, foods, and food groups made it difficult to distinguish their effects.
Although our questionnaire showed a moderate to good ability to rank individual relative intake of foods and nutrients, the absolute estimates may have been overestimated. In the validity study, the estimates for total soy product intake were about 25 percent higher for men and 40 percent higher for women when they were based on the questionnaire versus the diet records.
According to the 1991 National Nutritional Survey report (31) covering 5,353 households in Japan, mean daily intake of soy products estimated from a 3-day diet record was 66.4 g (4.6 percent of calories). In the present study, the mean percentages of calories obtained from soy products were 5.4 percent (standard deviation, 2.9 percent) for men and 6.3 percent (standard deviation, 3.2 percent) for women. Considering that the National Nutritional Survey included subjects younger than age 35 years (age distribution was not described in the report) and that soy product intake increased with age (31), soy product intake in our study population would not differ greatly from that for subjects in this survey.
We cannot exclude the possibility that the effects of ill health on diet could not be controlled for by excluding prevalent cancer, stroke, and heart disease or by repeating the analysis and excluding deaths that occurred during the first 4 years of follow-up. Longer follow-up will be needed to evaluate the long-term relation between soy and fish oil intake. 
